Abstract. We construct a data base of 125 post-AGB objects (including R CrB and extreme helium stars) with published photospheric parameters (effective temperature and gravity) and chemical composition. We estimate the masses of the post-AGB stars by comparing their position in the (log T eff , log g) plane with theoretical evolutionary tracks of different masses. We construct various diagrams, with the aim of finding clues to AGB nucleosynthesis. This is the first time that a large sample of post-AGB stars has been used in a systematic way for such a purpose and we argue that, in several respects, post-AGB stars should be more powerful than planetary nebulae to test AGB nucleosynthesis. Our main findings are that: the vast majority of objects which do not show evidence of N production from primary C have a low stellar mass (M ⋆ < 0.56 M ⊙ ); there is no evidence that objects which did not experience 3rd dredge-up have a different stellar mass distribution than objects that did; there is clear evidence that 3rd dredge-up is more efficient at low metallicity. The sample of known post-AGB stars is likely to increase significantly in the near future thanks to the ASTRO-F and follow-up observations, making these objects even more promising as testbeds for AGB nucleosynthesis.
Introduction
The asymptotic giant branch (AGB) phase, a late stage in the evolution of low and intermediate mass stars, is quite complex. During this phase, various nuclear processes are at work in different zones of the star, and a variety of mixing mechanisms take place (see e.g. Charbonnel 2002 or Lattanzio 2002 for short reviews). Understanding this phase is important, since the elements manufactured during the AGB contribute significantly to the chemical composition of galaxies.
The first models to give some predictions on the stellar yields from AGB stars are those by Iben & Truran (1978) and Renzini & Voli (1981) . Unfortunately, even nowadays, the state of stellar physics does not allow one to construct models entirely from first principles, and some quantities have to be set as free parameters. The next generation of AGB models (Groenewegen & de Jong 1993 , Marigo et al. 1996 adjusted those free parameters (essentially mass loss rate and mixing length) to reproduce a few observational constraints on stellar populations. Further models have been constructed since then (e.g. by Forestini & Charbonnel 1997 , Boothroyd & Sackmann 1999 , Marigo 2001 , Izzard et al. 2004 . All those models are so-called synthetic models in that, for the thermal pulse phase, they use analytical expressions to extrapolate certain quantities obtained from full evolutionary calculations up to the planetary nebula ejection. With the availability of fast computers, it is now possible to compute complete AGB models (Karakas et al. 2002 , Herwig 2004 ) that follow all the pulses in detail. Testing model predictions before using them in chemical evolution models of galaxies is vital, especially because even full evolutionary calculations are computationally difficult and still imply some ad hoc parameters (mixing length, mass loss rates etc.). Indeed, as shown recently by Ventura & D'Antona (2005a , 2005b , the predicted yields of intermediate mass stars depend strongly on the treatment adopted for convection and mass loss and on the nuclear reaction crosssections.
As mentioned before, synthetic models published since 1993 reproduce some observables (e.g. the luminosity functions of carbon-stars and of lithium-rich stars) by construction. However, additional tests are needed and are crucial to constrain AGB models. The analysis of the chemical composition of planetary nebulae can provide some tests. Such an approach has been adopted recently by Marigo et al. (2003) using a data base of 10 planetary nebulae (PNe) observed in a wide spectral range, from the far infrared to the ultraviolet. Previously, the chemical composition of planetary nebulae samples had been used in a more empirical way to test AGB nucleosynthesis and get an insight into the relation between planetary nebulae, the final products of low and intermediate mass stars and their progenitors. For example, Peimbert (1978) defined a category of planetary nebulae, called Type I PNe, as objects having He/H > 0.125 and N/O > 0.5. Those PNe were interpreted as being born from stars that experienced the second dredge-up. While the designation "Type I PNe" stayed in the literature, its definition changed several times (see Stasińska 2004) . Kingsburgh & Barlow (1994) compared the nebular N/H ratio to the solar (C+N)/H ratio to find out which planetary nebulae exhibit N produced from primary C. They also identified planetary nebulae whose progenitors had experienced 3rd dredge-up, bringing to the surface carbon produced by the triple-α reaction. To this end, they constructed a (C+N+O)/H vs C/H diagram. The N/O vs O/H diagram has been interpreted (e.g. Henry 1990) as indicating that in some objects N is produced at the expense of O (during ON cycling). However, this diagram, depending on authors and samples, does not always lead to such a straightforward interpretation (Kingsburgh & Barlow 1994 , Leisy & Dennefeld 1996 . Henry et al. (2000) have plotted PN abundances of C and N as a function of progenitor mass (estimated from the stellar remnant masses by Górny et al. 1997 and Stasińska et al. 1997 and converted to progenitor masses using an initial-final mass relation), and compared this with the predictions from synthetic AGB models. This was the first attempt to compare PNe abundances directly with the results of AGB model computations for a given initial mass and it was not very conclusive.
There is another category of objects that may serve for tests of AGB models. These are post-AGB stars, i.e. stars that have already ejected their envelope but are not yet hot enough to ionize it and produce a planetary nebula. Such stars have several advantages with respect to PNe and constitute an excellent complement for testing AGB nucleosynthesis. The main advantage is that the stellar mass can be obtained directly from the observed stellar spectrum by fitting a model atmosphere that allows one to derive the stellar effective temperature, T eff , and gravity g (this can also be done for PNe nuclei, but as the stars hotter and buried in the ionized gas, this is more difficult). The abundances of quite a variety of elements (He, Li, C, N, O, Na, Mg, Al, Si, S, Ca, Sc, Ti, Fe, Ni, Zn ...) can be obtained from a stellar atmosphere analysis. For carbon, a particularly important element in AGB evolution, the uncertainty in the estimated abundance is of the same order as for the other elements. This is not the case in planetary nebulae, where no strong carbon line exists in the optical, implying that the carbon abundance determination is subject to a higher uncertainty than the oxygen or the nitrogen abundance determination. Finally, post-AGB stars are expected to extend to smaller masses than the nuclei of planetary nebulae. Indeed, planetary nebulae with central star masses lower than 0.55 M ⊙ do not exist since the nebular gas has dissipated in the interstellar medium long before the star has become hot enough to ionize it. On the other hand, there is no such limitation for post-AGB stars.
This paper presents the first attempt to use a large sample of post-AGB stars to test AGB nucleosynthesis. In Sect. 2, we describe the constitution of our sample. In Sect. 3 we show some empirical diagrams and propose simple interpretations. In Sect. 4 we summarize the main findings and outline some prospects.
2. The optical sample of post-AGB stars.
General presentation
As mentioned above, the post-AGB phase starts when the star has expelled its envelope and left the AGB branch, and is then moving to the left in the H-R diagram. The end of AGB is characterized by strong mass loss, which (sometimes) can reach values of 10 −4 M ⊙ yr −1 . For stars that have experienced intense mass loss on the AGB, due to the large dust opacity in the envelope, the post-AGB star is first seen through its infrared emission due to reprocessing of the stellar radiation by the circumstellar dust grains. It is only when the envelope has sufficiently expanded and become optically thin that such stars start being optically visible. In this paper, we are interested in optically visible post-AGB stars. We used the present version (Szczerba et al., in preparation) of our catalogue of post-AGB candidates (Szczerba et al. 2001) , which now contains about 330 objects. For all the sources from this catalogue we have searched the available literature for stellar parameters and chemical composition.
We then estimated the stellar masses, M ⋆ , by comparison with theoretical evolutionary paths in the (log T eff , log g) plane.
The theoretical paths we used were interpolated by Górny et al. (1997) from the post-AGB models of Schönberner (1983) and Blöcker (1995) . The uncertainties in log T eff and log g induce an uncertainty in the derived M ⋆ . The main source of uncertainties is the low accuracy of the determinations of surface gravity, especially in the case of cool post-AGB stars (T eff below 10,000 K). Since the relation between log g and stellar mass on the post-AGB tracks is highly nonlinear,for each object we determined the mass M ⋆min corresponding to (log T eff − ∆(logT eff ), log g − ∆(logg)) and the mass M ⋆max corresponding to (log T eff + ∆(logT eff ), log g + ∆(llogg)). Since the derived stellar mass is a decreasing function of both T eff and log g, the values of M ⋆min and M ⋆max should define a conservative stellar mass interval.
1 However, one should keep in mind that many post-AGB stars are pulsating stars (Gautschy & Saio 1996) , while such pulses are not reproduced by the evolutionary models used to derive the stellar masses. In addition, the pulsating nature of the atmosphere may introduce errors in the abundance determinations, which are done using static atmosphere models. A further source of uncertainty in the determination of masses comes, of course, from the model tracks themselves. All this implies that the masses of post-AGB stars are quite uncertain and model-dependent. In spite of this, we believe that the method provides useful information. It can be improved on in the future, as better spectra become available for spectroscopic analysis and as progress in understanding the physics of post-AGB stars is made. In particular, when complete grids with different metallicities become available, it should be possible to account for the metallicity in the derivation of the stellar masses. For the moment, as far as one can judge from several tracks computed by Vassiliadis & Wood (1994) at different metallicities, the effect of metallicity in mass derivation would be completely dominated by the large error on log g.
The details of our search and the above estimates of the stellar masses are presented in Table 1 . The objects are grouped into several subtypes: RV Tau stars (29 objects), suspected RV Tau stars (6 objects from Maas et al. 2005) , R CrB stars (19 objects), extreme helium stars (15 objects) and all the remaining post-AGB stars (56 objects).
The RV Tau stars are highly luminous variable stars characterized by light-curves with alternate deep and shallow minima, periods between 30 and 150 days, and F, G or K spectral types (see e.g. Preston et al. 1963) . They have been identified as post-AGB stars by Jura (1986) , who showed that their IRAS fluxes indicate that they have just left a phase of very rapid mass loss.
The R CrB stars (already known for more than 200 years!) are rare H-deficient and C-rich supergiants that undergo irregular declines of up to 8 magnitudes when dust forms in clumps along the line of sight (see e.g Clayton 1996 for a review). The extreme H-deficiency of the R CrB stars suggests that some mechanism removed the entire H-rich stellar envelope. There are two major models which explain their origin: a merger scenario (Webbink 1984 , Iben et al. 1986 or the final helium shell flash scenario (Fujimoto 1977 , Renzini 1979 . There is still no consensus about which scenario is valid (none of them can explain all the observed properties). Only the second scenario implies a post-AGB nature. We have included these stars in Table  1 , but we do not consider them as bona-fide post-AGB stars. Extreme helium stars, which could be evolutionarily connected to R CrB stars (see e.g. , are also included in our Table and discussed together with R CrB stars.
In each subtype, the objects in Table 1 are ordered by galactic coordinates l and b. For some sources, there are several entries and in Sect. 2.2 we briefly discuss the preferred determinations -usually, they are based on higher quality spectroscopic material. The columns contain the following data: (1) the object number; (2) the object coordinates l, b; (3) the IRAS name; (4) the HD number ; (5) other name (either the usual name or the designation in one of the following catalogues (chosen in this order: General Catalogue of Variable Stars, LS, BD, SAO, and CD catalogues) ; (6) the effective tempearture; (7) the error attributed to T eff ; (8) the logarithm of the surface gravity in cm s −2 ; (9) the error attributed to log g; (10) references and notes for the collected stellar parameters (explanations for the abbreviations used and for notes are given at the end of the table); (11) M ⋆ in units of solar mass; (12) M ⋆min and (13) M ⋆max . Table 2 is ordered in the same way as Table 1 . Its columns contain: (1) the object number; (2) the object coordinates l, b; (3) -(8) the abundances of C, N, O, S, Fe, and Zn, expressed as ǫ(X) = 12 + log (X/H) where X/H is the abundance of element X in number relative to H. In the case of R CrB and extreme helium stars, the abundances are listed as ǫ(X) = 12.15 + log(X/N), where X/N is the ratio of number density of element X to the total number density of nucleons N. Note that the second definition is more general than the earlier one and both are consistent if the abundance of helium amounts to ǫ(He) = 11, a condition which is fulfilled with good accuracy in the remaining stars (see Asplund et al. 2000 and ). The sources for the abundances are the same as given in col. (8) of Table 1 . Overall, the typical uncertainty in elemental abundances is about 0.2-0.3 dex. However, the uncertainty in abundance ratios of heavy elements is smaller, since many sources of errors affect the derived abundances in a similar way. One exception is the case of oxygen, if its abundance has been determined from the O  7771-5 triplet. It is well known that this triplet gives enhanced abundances, if non-LTE effects are not taken into account, and that the O  7771-5 vs [O  ] discrepancy is higher for low metallicity (Takeda 2003) . In most objects listed in Table 2 , it appears that the use of this triplet was avoided.
Notes on individual objects and discussion of abundance uncertainties
For several sources we found more than one reference with stellar parameters and chemical composition determined. Below we present arguments for the preferred source of information. The object number corresponds to the number given in column (1) of Tables 1 and 2 . Object 1: IRAS 18384−2800. The atmospheric parameters and chemical abundances have been analyzed recently by AFGM01 and RvW01. The same atmospheric parameters were derived in both analyses. The spectra obtained by RvW01 have apparently much higher S/N-ratio than those of AFGM01, and the chemical analysis of RvW01 is based on a higher number of lines, so the results of RvW01 were chosen for further analysis. Object 3: IRAS 17279−1119. This star has been analyzed by AFGM01 and VW97. Both analyses gave similar value for T eff but rather different values for the surface gravity. Since the determination of AFGM01 was based on a single spectrum, while the vW97 determination was based on several spectra at different photometric phases, it is likely that more consistent atmospheric parameters and chemical composition are obtained in the AFGM01 paper. Object 5: IRAS 19500−1709. Both analyses by vWR00 and vWWW96 give similar atmospheric parameters. The vWR00 paper is based on a higher S/N and a broader spectral coverage and was chosen for the subsequent analysis. Object 6: IRAS 19590−1249. We adopted the RDM03 values. The analysis of RDM03 is based on higher quality material and is based on fully blanketed non-LTE atmospheric models that should guarantee more accurate values for T eff and log g. Object 8: PHL 1580. KL86 do not give abundances, so we had to rely on those given by CDK91. Object 10: IRAS 19114+0002. The analysis of RH99 is based on higher quality material than in ZKP96. As a consequence the microturbulence derived by RH99 (5.25 km s −1 ) is much lower than the supersonic value found by ZKP99 (8 km s −1 ). Since TPJ00 give a really unusual result we selected the data from RH99. Object 12: PG 1704+222. The analysis of MH98 is based on better quality spectra than the preliminary results of CTM93, and their results were adopted. Object 14: IRAS 18062+2410. There are emission lines visible in the spectrum. The four papers containing a determination of atmospheric parameters are not independent. The paper by AFGM01 was suggested by the work of PGS00. It is not quite clear how the atmospheric parameters were determined. The analysis of RDM03 is based on non-LTE, fully blanketed atmospheric models and the same spectroscopic material as used in the LTE analysis by MRK02. Hence preference is given to work by RDM03. Their values consistently point to a higher mass of the star. Object 19: IRAS 19475+3119. Since the paper of KPT02 is based on spectra with relatively low resolution (15 000), the analysis by AFGM01 is probably more reliable. Object 20: IRAS 17436+5003. Both analysis by KPT02 and LBL90 result in a massive post-AGB star. KPT02 spectra have lower resolution than those of LBL90, so we adopted the data from the latter. Object 22: IRAS 22223+4327. Both papers by vWR00 and DvWW98 are based on the same spectroscopical material and the same methods of analysis. We adopted the data from the more recent paper vWR00. Object 24: IRAS 22272+5435. Both papers by ZKP95 and RLG02 give consistent atmospheric parameters but differ in derived abundances, particularly of Fe. Other determinations are based on relatively few lines (C, N) or on just one line (Zn, O) and may be in error. The paper by RLG02 is based on higher quality material so we used their results. Object 25: IRAS 23304+6147 The vWR00 analysis is based on much higher resolution spectra (60 000) compared to that of KSP00 (15 000), so we used the results from vWR00. Object 29: IRAS 04296+3429. The works by vWR00 and DvWW98 are based on the same spectroscopical material and the same methods of analysis. Data from vWR00 were adopted. KSP99 spectra have lower resolution. Object 35: IRAS 07134+1005. All analyses of HD 56126 give similar values of atmospheric parameters. The papers by HR03 and vWR00 are based on a higher quality spectrum than the paper by K95, yet there is a difference in the absolute determination of the carbon abundance. The remaining abundances are similar. Data from vWR00 were adopted. Object 37: IRAS 06530−0213. The analysis of RvWG04 is based on higher quality spectroscopic material than HR03, so their results were used. Object 50: IRAS 12538−2611. The analysis of GAFP97 is based on higher quality spectra and more lines are used for the determination of the chemical abundances, so their values were preferred. Object 52: BPS CS 22877−0023. Both analyses lead to uncertain determinations of atmospheric parameters, but MH98 used a larger number of methods, so we adopted their values. Object 54: LS 3591. We adopted the VSL98 results since only their work gives chemical abundances. Object 57: V453 Oph and object 60: HD 216457. The abundance analysis of RDvW04 is based on higher quality spectra and a wider spectral range than that of GLG00 and GLG98, so we adopted the results from RDvW04. Object 98: IRAS 15465+2818. The paper by AGL00 is the only one that gives chemical abudances. Object 113: V4732 Sgr and object 117: FQ Aqr. The paper of PRL01 gives a consistent set of abundances for the sample of extreme helium stars analyzed here, so their results are preferred.
Empirical diagrams

Choice of a metallicity indicator
Since it is expected that yields are strongly dependent on "metallicity" or, better said, on the initial chemical composition of the star, we first have to choose a reasonable metallicity indicator. As stressed, e.g., by Mathis & Lamers (1992) or Lambert (2004) , the usual metallicity indicator in stellar atmospheres, Fe, cannot be used for post-AGB stars because of possible strong depletion in dust grains in a former stage and subsequent ejection of the grains (dust-gas separation). Oxygen, the most abundant ''metal" and thus the best theoretical metallicity indicator, is possibly affected by nucleosynthesis on the AGB (ON cycle, hot bottom burning). From the list of elements for which we compiled the abundances, good metallicity indicators would be S and Zn. The first one is an α-element, like O, and its abundance in the Galaxy is proportional to that of O. For the second one, the nucleosynthesis mechanism is unknown a priori, but Zn appears to roughly follow Fe (Mishenina et al. 2002) . Figure 1a shows ǫ(S) vs. ǫ(Zn) in our objects. The correlation is quite good (there is one outlier: V CrA, which also appears to be as an extreme object in many of the abundanceratio diagrams of Asplund et al. 2000) . The dispersion gives an idea of a realistic average abundance uncertainty: about 0.3 dex. Note that the data set spans a metallicity range of 2 dex. Figure 1b shows that S/Zn has a tendency to increase as ǫ(Zn) decreases (on average by 0.5 dex per dex). This is the wellknown α-enhancement observed in Population II stars (Norris et al. 2001) . The effect of α-enhancement on stellar parameters and stellar evolution is complex (Kim et al. 2002) and has not yet been investigated in AGB stars. We chose S as our principal metallicity indicator, since there are more stars with determinations of S abundances (113) than of Zn abundances (76). We keep Zn as a secondary indicator that might test the effect of α-enhanced mixtures in the stars. We note, however, that the Zn abundance measurements often rely only on one line, which makes the evaluation of statistical errors difficult. 
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The dispersion is such that obviously oxygen cannot be chosen as a metallicity indicator in our sample. The reason for this dispersion is not clear a priori. It can be due to nucleosynthesis and mixing affecting the oxygen abundance. But it could also be due to larger uncertainties in the oxygen abundance than was thought. Note that the R Cr B stars and extreme helium stars show the largest dispersion and the larger proportion of objects with O/S smaller than solar. Figure 3 shows log N/O vs. ǫ(O). The objects from the R CrB class and the extreme helium stars (which are represented by black circles) show different behaviour from the rest: they draw a clear anticorrelation between N/O and ǫ(O). This diagram has also been constructed for planetary nebulae (e.g. Henry et al. 1989 , Kingsburgh & Barlow 1994 , Leisy & Dennefeld 1996 with different results depending on the authors and on the samples. Some claim not to see any anticorrelation. To our knowledge, never has the anticorrelation been seen so prominently for a class of PNe as for our R CrB and extreme helium stars subsample of post-AGB stars. One interpretation of such an anticorrelation is the production of N at the expense of O (ON cycle) brought to the stellar surface by the 2nd dredge-up. However, the N/O values reached by R CrB stars are much higher than for the remaining post-AGB stars and for planetary nebulae. Asplund et al. (2000) argue that CNO cycling on He-burning products has to be invoked to reach this high N enhancement. Figure 4 shows ǫ(C+N+O) vs. ǫ(C). Only objects in which the abundances of the three elements (C, N, and O) are available are represented here. This plot is very similar to the plot presented by Kingsburgh & Barlow (1994) and Leisy & Dennefeld (1996) for planetary nebulae, but with a larger number of points. The objects with the highest carbon abundances, which are mainly R CrB stars and extreme helium stars, are carbon dominated. This agrees with a scenario of C being pro-
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Indications of dredge-up
Fig. 4. ǫ(C+N+O) vs. ǫ(C).
duced by the triple α reaction and brought to the star surface by the third dredge-up.
Dredge-up and stellar mass
A more quantitative way to define whether dredge-up mechanisms have occurred is to compare abundance ratios observed in post-AGB stars or planetary nebulae with estimates of the initial abundance ratios. For example, Kingsburgh & Barlow (1994) have proposed to call Type I PNe (understood as "objects that have experienced envelope-burning conversion to nitrogen of dredged up primary carbon") those objects in which the nitrogen abundance exceeds its progenitor's C+N abundance. As a proxy to the progenitor's C+N abundance, they use the value of C+N in the Orion nebula. Since the post-AGB considered here are not necessarily all close to the Sun, and because of abundance gradients in the Galaxy, perhaps a safer way is to compare the N/S value in the post-AGB stars to the solar (C+N)/S value, instead of using abundances with respect to hydrogen. For the solar abundances, we rely on the compilation by Lodders (2003) . Defining as Type I those objects in which N/S is larger than the solar (C+N)/S ratio, we show histograms of masses of Type I (left) and non-Type I (right) post-AGB stars in Fig. 5 . It is seen that, while Type I objects extend over the entire range of masses in our sample, more than half of the non-Type I objects have masses below 0.56 M ⊙ . The difference in stellar mass distributions is so tremendous that it is highly significant, even taking into account the fact that error bars on stellar masses are large (as seen in Table 1 and discussed in Sect. 2.1). The conclusion remains the same, although not so strong, if we use Zn instead of S as the metallicity indicator. However, when considering only R CrB and extreme helium stars, no such difference is seen.
Similarly, one can identify objects that have experienced 3rd dredge-up as those objects in which (C+N+O)/S is larger 
Dredge-up and metallicity
Theoretical models (e.g. Marigo 2001 ) predict that 3rd dredgeup is more important at low metallicity. Figure 7 tests this prediction by plotting [(C+N+O)/S] as a function of ǫ(S). It shows a net decrease in the efficiency of the 3rd dredge-up as the metallicity increases, in agreement with the models. This is the first time that the observational evidence for this is so clear. Note that, qualitatively, the same conclusion can be drawn, at least for bona-fide post-AGB stars, when using Zn instead of S as a metallicity indicator, as seen in Fig. 8 , which plots [(C+N+O)/S] as a function of ǫ(Zn). However, R CrB and extreme helium stars tend to have higher [(C+N+O)/S] than bona-fide post-AGB stars of same metallicity. They also behave differently in Figs. 7 and 8, but more Zn abundance determinations would be necessary to make this clear.
3.6. Carbon-rich versus oxygen-rich post-AGB stars. Figure 9 displays the value of C/O as a function of stellar mass. It clearly shows that oxygen-rich stars, at least in our sample, tend to accumulate at the lowest masses, while this is not the case for carbon-rich stars. Note also that the proportion of carbon-rich stars is 36%, while the proportion of stars having experienced 3rd dredge-up is as large as about 70%. Of course, these percentages should be taken with a grain of salt since the errors in determined abundances may place an object in the wrong category. However, the difference between these percentages and the large spread of C/O, as well as [(C+N+O)/S] values, argues in favour of the number of carbon-rich stars being significantly smaller than the number of stars having experienced 3rd dredge-up. Qualitatively, this is expected, since 3rd dredge-up is not necessarily sufficient to produce a carbon star. 
Summary, open questions, and prospects
The main aim of this paper was to show the utility of post-AGB stars to test theories of AGB nucleosynthesis. So far, the only tests of AGB nucleosynthesis based on large samples have been made using planetary nebulae. Post-AGB stars have several advantages over planetary nebulae: 1) abundances of a large variety of elements can be derived, including of s-process elements; 2) the abundance of carbon, an extremely important element for the diagnostics, is known with the same accuracy as the other elements, while in planetary nebulae, the carbon abundance is significantly less reliable and more difficult to obain than that of O and N; 3) the determination of the atmospheric parameters T eff , and gravity g allows one to estimate the mass of the post-AGB star by comparison with theoretical stellar evolutionary tracks.
Of course, the study of post-AGB stars has its own difficulties. In particular, the abundance analysis is quite difficult and many effects have to be considered in detail (see e.g. Asplund et al. 2000) . The lack of suitable lines for reliable analysis is often a problem: i) for cooler objects, the oxygen abundance is hard to derive, since useful lines of oxygen only start to show up at temperatures above 6000K; ii) nitrogen is often derived from a few red lines, which are known to suffer non-LTE effects; iii) stars that are not enriched in carbon, sometimes have only a few suitable carbon lines.
We considered all those objects from the present version of the catalogue of post-AGB objects (Szczerba et al. 2001, Szczerba et al., in preparation) for which photospheric chemical abundances have been determined. We plotted diagrams based on these abundances, similar to the ones built for planetary nebulae studies. The same trends as for planetary nebulae were found, but in a clearer fashion (e.g. N/O vs. ǫ(O), revealing the effect of the ON cycle, or (C+N+O)/H vs. ǫ(C) indicating the presence of objects with C produced by the triple α reaction). This is extremely encouraging and shows the interest of using post-AGB stars to complement planetary nebulae, despite the difficulties in abundance determinations.
Because the post-AGB stars in our sample do not have all the same metallicities, we argued that a better indicator of third dredge-up and/or hot bottom burning is obtained by considering the photospheric abundances of C, N, O with respect to a metallicity indicator (and not with respect to H). It is therefore these ratios that we compared with the solar ratios. We show that a convenient metallicity indicator is S (Fe cannot be used for post-AGB objects because dust depletion in former stages may have affected its present photospheric abundance). Following the definition of Type I planetary nebulae by Kingsburgh & Barlow (1994) but accounting for the metallicity, we define a class of Type I post-AGB stars. We show that non-type I objects are in vast majority of low mass (M ⋆ < 0.56 M ⊙ ). We also show clear evidence that 3rd dredge-up is more efficient at low metallicity.
We have thus demonstrated the potential of post-AGB stars to constrain the models of AGB stars and the predicted yields. The sample of post-AGB stars is likely to grow in the near future, thanks to ASTRO-F, which is much more sensitive than IRAS and should allow the discovery of many infrared-excess stars among which post-AGB stars are found. This will make the use of post-AGB stars even more attractive and powerful. In the present paper, we limited ourselves to only a few elements and to simple interpretations without direct comparison to models. We did not address the question of observational biases, which should be investigated by performing simulations on models. Future studies will address other issues related to AGB nucleosynthesis, such as the production of s-process elements, which are more easily done with post-AGB stars than with planetary nebulae. Stasińska, G., Górny, S.K., Tylenda, R., 1997 , A&A, 327, 736 Szczerba, R., Górny, S.K., Zalfresso-Jundziłło, 2001 Table 2 . Chemical composition of our of post-AGB sample.
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